The synthesis is reported of a series of homo-and heterodinuclear octahedral complexes of the ligand 1, 1,2-bis(1-methylbenzimidazol-2-yl) ethanol, where the two metal centres are linked by hydrogen bonds between coordinated alcohols and coordinated alkoxides. Homonuclear divalent M(II)M(II), mixed valent M(II)M(III) and heteronuclear M(II)M'(III) species are prepared. The complexes have been characterised by X-ray crystallography and show unusually short O…O distances for the hydrogen bonds. Magnetic measurements show the hydrogen bond bridges can lead to ferromagnetic or antiferromagnetic coupling. The electrochemistry of the dinuclear species is significantly different from the mononuclear systems: the latter show irreversible waves in cyclic voltammograms as a result of the need to couple proton and electron transfer. The dinuclear species, in contrast, show reversible waves which are attributed to rapid intramolecular proton transfer facilitated by the hydrogen bonded structure.
Introduction
The study of dinuclear transition metal complexes has attracted considerable attention in recent years by virtue of the various types of interaction possible between metal centres. Biology uses such systems extensively, notably in enzymes such as cytochrome c oxidase [1] or methane monoxygenase.
[2]
The simplest synthetic route to these complexes involves using ligands which can bind simultaneously to two metals such as pyrazine, or even simple halogen or hydroxo ligands. Greater control over the synthesis may be achieved by more sophisticated ligand design. A typical ligand will contain distinct metal binding sites connected by a linking group which, in the most favourable cases, allows control of metal-metal distances and of the electronic properties of the coordinated ions. Examples of such ligands are widespread in current literature. [3] An alternative strategy for the synthesis of dinuclear complexes, which we believe to have been less investigated, is the association of preformed mononuclear complexes into dinuclear (or, in principle, polynuclear) complexes, and it is this approach which is the subject of the present manuscript. We will consider the formation of dinuclear complexes by hydrogen bonding between two mononuclear complexes. We present synthetic routes for homo-and heterodinuclear complexes. The structures obtained here are compared to those available in the literature and suggest that such complexes can show hydrogen bonding interactions that are sufficiently strong not to dissociate in solution. We report on the magnetic coupling between the two centres and the electrochemistry of the complexes in solution. It is found that the hydrogen bonded dimers show very different electrochemical behaviour from the mononuclear complexes and offer a simple and efficient means of coupling proton transfer to electron transfer. Scheme 1. Ligands referred to in this work.
The systems we have studied use the ligand 1 (Scheme 1) which is readily synthesised in enantiomerically pure form from malic acid. It carries three functions able to bind metal ions: two benzimidazoles and one alcohol. We have previously studied this ligand in connection with the formation of tetranuclear cubanes where the alcohol function is completely deprotonated and acts as a triply bridging ligand.
[4] The non-methylated form of 1 has been studied by Reedijk [5] and we have studied mononuclear [6] and cubane [7] complexes of the related ligand 2 (Scheme 1) derived from tartaric acid. We were interested to examine simple complexes of the type [M (1) 2 ] n+ where the ligands acts as a tridentate facially coordinating ligand, and in the course of this work discovered the dimers which are the subject of this work. The chemistry of the mononuclear complexes will be reported elsewhere. [8] Results
Homonuclear dimer synthesis.
When an acidified solution of a divalent metal (Mn, Co, Ni) with two equivalents of ligand 1 is titrated with base, potentiometry shows the successive formation of [M (1) 2+ a further deprotonation is observed around pH 6.5 ( Figure S1 ) corresponding to one equivalent of protons per metal. This is attributed to deprotonation of a coordinated alcohol function of the ligand whose pK a is lowered significantly by complexation to the metal. We will denote the deprotonated ligand as 1-H. No further deprotonation is observed below pH 11 indicating that only one alcohol proton may be removed. Similar behaviour was observed previously with ligand 2 and the dinuclear complex [Ni 2 (2-H) 2 (2) 2 ] 2+ could be crystallised, and was characterised by X-ray crystallography [6] . With ligand 1 we were able to crystallise the perchlorate salt of the enantiopure complex [Ni 2 (S-1-H) 2 (S-1) 2 ] 2+ and determine its structure by X-ray crystallography (Figure 1) . Details of the Xray crystal structure determinations are given in table S1, and selected bond distances and angles in table S2. Each nickel FULL PAPER 3 ion shows octahedral coordination with the ligands bound in a tridentate, facially coordinating, manner.
The two alcohol functions are in cis-positions. The two crystallographically distinct nickel ions lie on a crystallographic twofold axis so that the two ligands on each metal are equivalent. There are no significant differences between the geometries of the two [Ni(S-
1-H)(S-1)]
+ units. These two units are held together by hydrogen bonds between the alcohol function on one complex and the deprotonated alcohol function of the other, as shown in Scheme 2.
Scheme 2. Hydrogen bonding motifs in dinuclear complexes.
Two motifs are possible as shown in (a) and (b); we believe that (a) is the more plausible for the homonuclear species such as the dinickel species, but the crystallographic symmetry imposes the motif (b). Probably the hydrogen ion is disordered between the two sites. The formation of the hydrogen bonded dimer explains the absence of a second deprotonation in the potentiometry experiment since the remaining alcohol proton is retained by the hydrogen bonding. The dinuclear cobalt(II) complex [Co 2 (S-1-H) 2 (S-1) 2 ] 2+ may be prepared as for nickel(II) and was characterised by X-ray crystallography.
Heteronuclear dimers
If the same route used for nickel and cobalt is followed for manganese(II), red crystals of the mixed valence complex [Mn(II)(S-1) 2 Mn(III)(S-1-H) 2 ](ClO 4 ) 3 ·3H 2 O·CH 2 Cl 2 were obtained. X-ray crystallography confirmed the structure as similar to the nickel dimer discussed above, but with the hydrogen bonding motif (b) in Scheme 2. The ligands bound to Mn(III) are fully deprotonated. The Mn(II) and Mn(III) sites may be distinguished clearly by the metal-ligand bond distances and the Jahn-Teller distortion expected for the Mn(III) site (Table 1) Titration of an acid solution of iron(III) and two equivalents of ligand 1 showed that both alcohol protons are lost from the complex at low pH ( Figure S1 ), in agreement with the observation by ESI-MS of the doubly deprotonated cation [Fe(S-
1-H) 2 ]
+ . This is in full agreement with the much greater tendency to hydrolysis of an M(III) cation compared to a M(II) cation [9] 2+ with hydrogen peroxide. Six of the eight dimers we prepared were characterised by X-ray crystallography. All complexes were studied by IR spectroscopy in the solid state, UV-visible and CD spectroscopy in solution and ESI mass spectrometry in solution. The IR spectra were all very similar supporting the dimer structure for the compounds not characterised by X-ray crystallography. The UV-visible and CD spectra were those expected for the constituent [M(S-1) 2 ] 2+ and [M(S-1-H) 2 ] + complexes, [8] and showed no signs of strong electronic interactions between the two components. 
Structural analysis
The six crystal structures obtained in this work show features of interest which merit comparative discussion. All show the same basic structure observed for the dinickel complex shown in Figure 1 , with the double hydrogen bond bridge illustrated in Scheme 2. The observed pK a values of the alcohol ligand lead us to assign motif (a) to the M(II)M(II) species and motif (b) to the M(II)M'(III) complexes. The O…O distances of the hydrogen bond bridges are unusual in being very short: the three M(II)M(II) species show distances below 2.4 Å, and the M(II)M'(III) complexes are slightly longer, but all are less than 2.5 Å. Although this type of hydrogen bond interaction has often been observed in the solid state, there has been, to our knowledge, no systematic study of its occurrence. We therefore carried out a search in the Cambridge Structural Database (CSD) for the motif M-O-H…O-M and details are given in the supplementary material.
Complexes containing coordinated water were excluded to limit the systems to those comparable with ligands 1 and 2. Even with these restrictions, 158 examples were found for homonuclear interactions. A histogram of the observed O…O distances is given in Fig. 2 and shows that the distribution is bimodal. 2+ . Examination of these 35 examples shows that they all contain pairs where the hydrogen bond acceptor is the conjugate base of the hydrogen bond donor, a situation which is known to favour strong hydrogen bonds. [10] . We will refer to these examples as very short hydrogen bonds since they are approximately 0.3 Å shorter than the more normal ones. There may be one, two or three very short bonds between two metal centres, and there are also cases where chains or cycles are formed using these very short bonds, but there appears to be no significant effect of the number of interactions on the O…O distances. The dimer involving two very short bonds, as observed for [Ni 2 (S-1-H) 2 (S-
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2+ , appears to be the most common interaction. Unfortunately there is usually no mention as to whether the interaction persists in solution, although in one case this has definitely been shown to be the case. [11] For the M(II)M(II) complexes studied here the three structures all show very short distances, less than 2.4 Å, and are among the shortest recorded.
The hydrogen bond acceptor is the conjugate base of the hydrogen bond donor. For the M(II)M(III) complexes the acid-conjugate base condition is no longer met, but the H bond donor may reasonably assumed to be more acid than for the mono deprotonated complex in motif (a) while the acceptor will be less basic because of the higher charge of the metal. The consequence of this is that the difference in pK a of donor and acceptor may not be very great. In any event, the O…O distances, all less than 2.5 Å, although slightly greater than for the M(II)M(II) complexes, are still much shorter than the normal distance around 2.75 Å. The electrochemistry discussed below indicates strongly that the dimers persist in solution in polar solvents. The coordination of the metal ions is essentially the same in all complexes. The ligands bind with the six-membered chelate ring in the N 2 O 2 plane and the five-membered chelate rings perpendicular to this plane.
All complexes have a crystallographic or non-crystallographic two-fold symmetry axis bisecting the O-M-O angle. The slight variations in structure are those to be expected for different ionic radius and oxidation state.
The crystal packing of all six structures is very similar. The structure of the complexes results in the polar alcohol/alkoxide groups lying at the centre of the dinuclear complex so that the exterior is essentially non-polar. The cationic complexes then pack in layers with the metal-metal axes parallel in the plane ( Figure S2 ). The metrics of these layers are essentially the same for all structures. The anions and solvent molecules lie in between the layers. To investigate stereoselectivity, we reacted nickel(II) with a racemic mixture of S-1 and R-1. We found the crystalline product to contain equal amounts of [Ni 2 (S-1-H) 2 (S-
; we could find no evidence for complexes or dimers containing mixtures of enantiomers. In this structure alternate layers of complexes contain all S or all R complexes and there is thus enantioselectivity in the packing of the complexes in the layers.
Magnetic coupling in hydrogen bridged dimers.
These complexes afford a simple synthetic route to homonuclear and heteronuclear hydrogen bridged dimers, and it seemed interesting to investigate the possibilities of magnetic coupling through these bridges. Magnetic coupling through hydrogen between two paramagnetic ions has been reported previously in the literature for several types of complex. The first studied were dinuclear chromium(III) complexes linked by single, double or triple Cr-OH…H 2 O-Cr bridges [12] . Antiferromagnetic interactions of varying strength are observed. These systems are close to those studied here in that the hydrogen bond is between a hydroxide ion bound to one metal and a water molecule (the conjugate acid) bound to another metal. The O…O distances are consequently short, typically in the range 2.4 -2.5 Å that we classified as very strong hydrogen bonds. There are many examples from copper(II) chemistry.{Plass, 2001 #39;Okazawa, 2009 #20;O'Neal, 2014 #27;De Munno, 1994 #4846} Coupling through Mn-Cl…HC bridges has been reported for manganese single molecule magnets.
[14] Coupling through hydrogen bond bridges has also been reported for a number of manganese(II), iron(III), cobalt(II) and nickel(II) complexes. [15] Theoretical treatments have been made for copper(II) [16] and Alvarez and co-workers extended their treatment to mixed metal systems. [17] For the moment, no clear overall picture is available; antiferromagnetic and ferromagnetic coupling has been observed, and coupling constants vary widely. We have studied the magnetic susceptibility of three of the heteronuclear dimers:
We have previously reported on the magnetic susceptibility of a dinickel(II) complex of the non-methylated ligand similar to ligand 2 which has a similar structure to the dinickel(II) complex of ligand 1. [6] In the following discussion we will refer to the four complexes only by the metal ions, i.e. MnMn or MnFe. The magnetic susceptibility data for a polycrystalline sample of the MnMn compound are displayed as plots of  m vs T and  m T vs T in Figure 3 . Upon cooling, the  m T vs T plot shows a constant value of 7.7 cm 3 K mol -1 ( m T calc. = 7.4 cm 3 K mol -1 for S 1 = 5/2, S 2 = 2, g = 2) down to about 70 K, followed by a sharp increase to 18.5 cm 3 K mol -1 at 1.9 K. These data clearly indicate ferromagnetic coupling between the two spin centers. An isotropic spin exchange approach has been used to evaluate the (S 1 = 5/2, S 2 = 2) coupling:
The magnetic data were fitted to the exchange Hamiltonian (eq. 1) using MAGMUN4.1 [18] , which generates the appropriate spin states and their energies prior to regression to the model. A reasonable fit was obtained with g = 2.01(3), J = 1.58 (8) [18]
The magnetization data for MnMn at 1.9 K show that at high field the system approaches saturation with a value of about 8.8 Nβ (Figure 4 ), indicative of a high spin ground state. Fitting to the appropriate magnetization model gave g = 2.0, T = 1.9 K, S = 9/2 (10 2 R = 7.3), in agreement with ferromagnetic exchange. for S 1 = S 2 = 5/2, g = 2) and reaching 1.1 cm 3 K mol -1 at 1.9 K. These data clearly indicate antiferromagnetic coupling between the two spin centres. The magnetic data were fitted to eq. 1 (S 1 = S 2 = 5/2) using MAGMUN4.1.
[18] to give g = 2.003(3), J = -1.26 (1) ,  = 0.0003,  = 0.12 K, 10 2 R = 2.83. The best fit was obtained using additional parameters ( = Weiss-like temperature correction). However the low temperature data were difficult to model, and there is a slight discrepancy between the experimental and calculated lines, possibly arising from an underestimation of the paramagnetic impurities. The M/H data at 1.9 K indicate a system with a low spin ground state as expected. No fitting of the M/H data was attempted. The χT plot for FeCo shows a slow fall from room temperature to around 50 K after which it falls away rapidly to around 2 cm 3 mol -1 K at 3 K ( Figure S3 ). In view of the complexity introduced by the spin orbit coupling in the cobalt(II) system no fit was attempted, but the coupling would appear to be antiferromagnetic. The lowest χT value is well below that expected for a high spin Fe(III) and a Co(II) ion without interaction. In our previous work, a NiNi dimer was found to show antiferromagnetic coupling with a J value estimated as -4.7(1) cm -1 . [6] There are no significant structural differences between MnMn, MnFe, FeNi, and we may reasonably assume that the structure of FeCo will not show any significant differences. The structure for NiNi [6] is equally similar, although, as we observed for the M(II)M(II) structures above, the O…O distance at 2.399(1)Å is about 0.07Å shorter than for the M(II)M(III) systems. The very different J values do not therefore seem to have structural origins. The total magnetic exchange interaction within a dimer compound expressed by the J parameter results from the combination of many electron-electron interactions with individual parameters J ab (centre a and centre b) and it is in general not straightforward to elucidate the sign and magnitude of J [19] .
Electrochemistry
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The potentiometric and synthetic studies combined with the Xray structural assignments allow us to identify the four species A, B, C, and D shown in Scheme 3.
Scheme 3. Different ML 2 species in this work positioned according to their degree of oxidation (vertical axis) and protonation (horizontal axis). Species E and F have not been observed.
Species A has been observed as trans-isomers [8] and by Reedijk as a cis-isomer with nickel(II). [5] B and C have been characterised by X-ray crystallography and the transformation of A into B was shown by potentiometry.
D has been characterized structurally as a trans-isomer with Co(III) [8] and its existence has been shown by potentiometry and the ion has been observed by ESI-MS for cobalt(III), manganese(III) and iron(III). The reaction between A and D has been shown to give C. For cobalt and manganese, solutions of B oxidise slowly in air to give mixed valence dimers C. Simple one electron oxidation of the mononuclear complex A or one electron reduction of D would lead to the species F and E respectively. Neither of these species has been observed in solution, and potentiometry suggests that they are both unstable and consequently of high energy. We may therefore expect that oxidation or reduction of the mononuclear species will be coupled with proton transfer as is common for redox couples involving metal ions. Recent years have seen growing interest in Proton Coupled Electron Transfer (PCET) and it has been the subject of many reviews: general [20] , specifically of metal complexes [21] , oxygen activation [22] , inside proteins [23] , after photoexcitation [24] and from a theoretical point of view [25] . For the dimers the redox process involves species B and C and needs no external source of protons, although according to our assignment of the H-bonds, an intramolecular proton transfer is necessary.
We have studied the redox transformations between these different species using cyclic voltammetry. Figure 6 . The mononuclear complex shows no sign of oxidation below + 1.0 V, and a weak peak on reduction around + 0.6 V which we suspect to arise from traces of the mixed valence compound C formed during the oxidation scan. The mixed valence complex
3+ is very different and shows a quasi-reversible peak at E ½ = ½(E pa + E pc ) = +0.68 V, ∆E = (E pa -E pc ) = 140 mV, Figure 6 . The cobalt systems were less clear cut ( Figure S5 2+ as one might expect. If the scan was initially in the direction of reduction, no peak was observed, but if the scan began with oxidation, a reduction feature was visible around -0.5 V. It must be recalled that the Co(III)/Co(II) couple involves not only rearrangement of the coordination sphere but also a change from low spin Co(III) to high spin Co(II) and that this disfavours rapid and reversible electron transfer. The difference between the voltammograms of the mononuclear and the dinuclear complexes establishes beyond doubt that the dimers do not dissociate under the experimental conditions. The change from irreversible kinetics in the mononuclear complexes to quasi-reversible kinetics for the dinuclear species must be associated with the ease of proton transfer. The crystal structure data for the homonuclear and heteronuclear species give a good idea of the geometric changes involved in the oxidation of B to C and the back reaction. The average O…O distances are 2.39 Å for the B species and 2.47 Å for the C. The change in O…O distance is thus of the order of 0.08 Å, about half the change in metal-ligand bond distances observed for the transition Mn(II)-Mn(III) as deduced from the bond lengths of table 2. The O-H distances obtained from X-ray crystallography are not accurate enough to measure the movement of the protons, but if we assume an O-H bond distance of 1.0 Å, then the intramolecular proton transfer needs only to take place over a distance of the order of 0.5 Å. This short distance could allow significant overlap between the O-H stretching wavefunctions of reactant and product which is favourable for concerted proton electron transfer (CPET). [25a, 26] It is therefore eminently reasonable for the kinetics for electron transfer to be much faster in the dinuclear species.
Conclusions
We have shown that ligand 1 may be used to form a variety of dinuclear complexes by deprotonation of the alcohol function to form double hydrogen-bond bridges. Both divalent M(II)M(II) and mixed valent M(II)M(III) species may easily be prepared, the latter as homo-or heteronuclear complexes. The dinuclear species do not dissociate in solution and this presumably arises from the formation of very strong hydrogen bonds as deduced from the short O…O distances in the range 2.4 -2.5 Å. The M(II)M(III) species show slightly longer O…O distances than the M(II)M(II) but are still much shorter than normal O…O distances. The strength of the hydrogen bonds is thought to arise from the fact that the pK a of H-bond donor and acceptor are very close and indeed equal in the homonuclear divalent complexes. A search of the Cambridge Structural Database shows many other examples of very short bonds involving acid and conjugate base pairs, but this does not appear to have been recognised as a very general effect. The formation of the complexes is stereoselective: using a mixture of R-and S-ligands gives homochiral RRRR-or SSSSdimers. In the solid state the homochiral complexes pack into homochiral layers. Magnetic moments show that exchange through the bridges is present, but varies considerably with the metal ions, from ferromagnetic to antiferromagnetic, even though all the evidence suggests there to be little structural difference in the bridges. Finally the hydrogen bond bridges greatly facilitate electron transfer when compared to the mononuclear species. Oxidation of the M(II)M(II) dimer to M(III)M(II) is now reversible on the time scale of cyclic voltammetry since the hydrogen bridge allows rapid intramolecular proton transfer over a short distance to give the protonation state (Scheme 3) consistent with the new oxidation states. Thus the outer sphere electron transfer to the electrode is coupled to an inner-sphere proton transfer. Ligand 1 is versatile and can form octahedral complexes with a number of 3d metal ions; we have prepared mononuclear complexes of Cr(III), V(III) and Cd(II) [8] and no doubt dimers containing these metals could be prepared. On the basis of the structural results presented here the resulting complexes would be expected to be isostructural. This offers a route to a large number of essentially isostructural compounds with different delectron configurations for studying magnetic exchange and the coupling of proton transfer with electron transfer. We surmise, and it is supported by the evidence of the CSD search, that any ligand where two or three alcohol functions can occupy mutually cis-positions may be deprotonated to form such hydrogen bridged dimers. There is in principle no reason why the ligands on the different metals need to be identical, the only requirement being that the pK a of the alcohol or water protons should be equal or close.
Experimental Section
1
H-NMR and 13 C spectra were recorded on a Bruker Avance 400 spectrometer (400 MHz) at room temperature. Proton chemical shifts are given with respect to tetramethylsilane.
High-resolution mass spectra were obtained on a QSTAR XL (AB/MSD Sciex) instrument in an ESI positive mode by the Mass Spectrometry Laboratory, University of Geneva. Low-resolution mass spectra were obtained on a Applied Biosystems Sciex API 150EX Ion Turbo Spray instrument. IR spectra were measured on a Bruker Tensor 27 equipped with a Platinum ATR module. Elemental analyses were performed using a Varian MICRO Cube instrument at the Microchemical Laboratory of the University of Geneva. The crystals used for structural determinations often contain volatile organic solvents in between the cationic layers which are lost or replaced by water on standing in air. They were removed directly from the mother liquid. Crystals used for elemental analysis were dried and consequently compositions do not invariably agree with the crystal structures. UV−vis spectra were recorded on a Perkin-Elmer Lambda 900 spectrometer with quartz cells of 1 cm of path length. CD spectra were obtained using a JASCO J-815 spectropolarimeter. Potentiometric titrations were carried out under a nitrogen atmosphere using a Metrohm 736 GP Titrino unit controlled by the programme Tinet 2.4 on a PC. Typical conditions used an initial volume of 20 ml ethanol: water 2:1 with 0.1 mmol ligand, 0.05 mmol metal salt and 0.15 mmol free acid in the solution. Ionic strength was maintained at 0.1 M with sodium perchlorate. The solution was titrated with a standard solution of NaOH 0.1 M. Cyclic voltammetry measurements used a BAS Epsilon system with platinum working and auxiliary electrodes and an Ag/AgCl reference electrode. Acetonitrile was used as solvent with Bu 4 NPF 6 (0.1 M) as background electrolyte. Ferrocene was used as an internal standard, and potentials are referred to SCE. The ferrocene potential was taken to be +0.382 V. [27] The scan rate was 100 mV/s.
Magnetic susceptibility measurements were made on a Quantum Design MPMS SQUID-XL magnetometer under an applied magnetic field of 1000 Oe between 300 and 1.9 K. The sample was prepared in a gelatine
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capsule. Diamagnetic corrections were made for the sample using the approximation -0.45 x molecular weight x 10 -6 cm 3 mol -1 and the sample holder was corrected for by measuring directly the susceptibility of the empty capsule.
X-ray crystallographic intensity measurements were made with an Agilent Supernova diffractometer equipped with a CCD bidimensional detector using monochromatic Cu-Kα radiation (λ=1.54184Å). Full crystal data and structure refinement details are given in Table S1 . CCDC 1528110-3, 1529058-9 contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Synthesis
Ligand S-and R-1 were prepared as described previously. [4a] [Ni 2 (S-1-H) 2 (S-1) 2 ](ClO 4 ) 2 ·5.5H 2 O. In a test-tube, a mixture of Ni(ClO 4 ) 2 ·6H 2 O (39.9 mg 0.11 mmol) and S-1 (66.9 mg, 0.22 mmol) was suspended in 5 ml of 50:50 EtOH/CH 2 Cl 2 solution. Et 3 N (220 μl, 0.5 M in EtOH, 0.11 mmol) was added, giving a clear light blue solution. In few hours, 73.9 mg of a crystalline light blue solid was formed (44%). IR (cm In few days, 33.3 mg of a crystalline dark pink solid was formed (18%). IR (cm ): 252 (52700), 269 (58000), 276 (68400), 282 (65800), 355 (369), 373 (370), 392 (237), 478 (97.1), 506 (92.2), 530 (85.8, sh), 1077 (20.9) . CD (20 °C, CH 3 CN, nm) λ (∆ε, M -1 cm -1 ): 255 (-39.1), 273 (-25.8), 280 (-19.4), 313 (-4.54), 386 (-0.71), 439 (3.16), 593 (-1.28 114 mmol) , and 78 mg of S-1 (0.253 mmol) were placed in a 1:1 MeOH/CH 2 Cl 2 solution. All reactants except for the permanganate dissolved and the solution was sealed and left to stand for at least one week, until red crystals had started to form. At this point the solution was allowed to evaporate slowly and 79 mg of product were filtered off once the volume had reduced by about half (69%). IR (cm 
